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Quantitative dosing of small amounts of liquids 



The invention relates to a dosing device for quantitative dosing of small amounts of 
liquids, comprising a body, a flexible bellows attached to the body defining a liquid 
5 space, a dosing tip communicating with the liquid space, and an actuator for moving 
the bellows to provide a constriction of the liquid space causing a liquid dose to be 
discharged from the dosing tip. 

The invention further relates to methods for dosing small amounts of liquids 
quantitatively by means of flexible bellows moved by an actuator, and a dosing tip 
10 communicating with the bellows. 

In conventional liquid dosing devices, a piston moving in a cylinder is used as the 
actuator to discharge a liquid dose. Main drawbacks of such dosing devices are the 
sliding friction between the cylinder and the piston and unpreciseness of the setting 
in motion and stopping of the piston, and as a consequence, reproducibility required 
15 in precise dosing of small liquid doses is not assured. 

Published specification FI 94675 discloses a dispenser comprising a liquid space 
formed by flexible bellows actuated by an actuator. In this specification, the 
actuator is a stepping motor connected to the bellows through a gyrating shaft or a 
piezo rod or servo motor actig directly on the bellows. Substantial advantage of the 

20 described solution over a piston moving in a cylinder is the fact that the bellows 
may be moved without sliding friction in the mechanical parts. According to this 
publication, the bellows draw liquid through the dosing tip to the liquid space of the 
dispenser, and then, in the dosing step, a liquid dose is discharged from the dosing 
tip dipped into another liquid receiving said dose by moving the bellows in opposite 

25 direction. 

In the dispenser described as an example in publication FI 94675, the volume 
change of the bellows produced in one step of the stepping motor serving as the 
actuator was about 10 ul, being theoretically the smallest liquid amount that may be 
dosed in this case. The stepping motor has a high number of step positions, and 
30 when dosing liquid volumes larger than said minimum volume, the motor is not 
able to pass directly from one step position to the other, but must pass through 
several successive steps with a defined velocity change in each step interval. This in 
turn limits the acceleration and slowing down of the dosing movement found to 
have a substantial role in dosing very small liquid doses according to the invention. 
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This publication presents no description of dosing liquid amounts of nanoliter order, 
nor dosing droplets wherein liquid is discharged from the dosing tip into the air one 
droplet at a time. 

A servo motor or a piezo rod acting as an actuator is not described in publication FI 
5 94675 as fully as the stepping motor connected to the bellows through an shaft. 
However, the same limitations with respect to the acceleration of the movement 
apply both to the servo motor and to the stepping motor. Particularly, a drawback of 
the piezo rod is in turn the fact that a long piezo rod and high voltage source 
dangerous to the user are needed for the path of the bellows required in dosing a 
10 high number of liquid doses successively. In this case, the masses of the rod and 
moving auxiliary, devices as well as the operation time thereof also become an 
obstruction to the sufficient acceleration of the movement. 

Dosing liquid doses through the air from a dosing tip moved by bellows is known as 
such from FI 104891. This document relates to serial dosing of liquid doses into 

15 packings by drawing liquid into the suction tip with bellows, followed by filling the 
packings one at a time by means of opposite dosing movements of the bellows. In 
contrast to FI94675, liquid is only present in the dosing tip whereas the bellows are 
filled with air. As stated in this publication, the preciseness attained vyith this 
technique is not too high, only about 1 percent, the volume of the doses to be dosed 

20 being from 5 - 500 ul according to said publication. Thus, said publication teaches 
no solution enabling the precision dosing of liquid amounts of nanoliter order. 

In printers, it is known to use a technique using discharging an ink jet as droplets 
with the volume of picoliter order. The technique is however based on the fact that 
several successive droplets are focused on the same point, the size of individual 
25 droplets being not precisely controlled. The technique applied in printers is not a 
suitable solution to quantitative dosing of liquids. 

The disadvantage of the prior art is thus the lack of a technique enabling the 
quantitative dosing of liquid amounts measuring only nanoliters. Such a technique 
is not known in dosing of liquids using a dosing tip to be contacted with the surface 

30 of the receiving liquid or dipped therein to discharge the dosed amount directly into 
said receiving liquid, not to mention in techniques for dosing liquids by discharging 
small droplets thereof into the air. The object of the invention is to find a solution 
eliminating said drawbacks. The invention particularly provides a new dosing 
technique suitable for the dosing needs in the fields of biochemistry, such as clinical 

35 and environmental chemistry'. 



According to the invention, the dosing device of the invention comprising bellows 
moved by an actuator and a dosing tip is characterized in that the actuator is formed 
of two parts moving relative to one another and acting magnetically on each other, 
one of the parts being connected to the body of the device and the other being 
5 connected to the flexible bellows, one of said parts being a current coil and the 
flexible movements of the bellows being produced by changing the magnitude of 
the electric current passing through the coil. 

A characteristic feature of said actuator of the bellows formed of magnetic parts is 
the fact that electric current passing through the coil may be continuously 

10 controlled. This fact enables the precise adjustment of the selected length of the 
paths of the actuator and the bellows connected directly thereto without any 
transmitting means and consequently, the precise adjustment of the selected volume 
of the dosed liquid dose without the limitations due to the length of the step of the 
stepping motor used in prior art dosing means with bellows. Coils suitable for this 

15 purpose converting the magnetic field, altering by a changing electric current, into a 
attracting or repelling force acting on the bellows are known as such and 
commercially available for instance as sound coils for acoustic loudspeakers. 
Typically, the weight of the coil being some grams and the maximum repelling 
force being several kiloponds, the coil is able to produce small movements setting 

20 precisely with a very high acceleration for these parameters. The high-speed 
operation as such is an advantage when using the device for long serial dosing of 
hundreds of successive liquid doses, and it particularly enables the dosing of liquid 
from the dosing tip as small droplets into the air as described in more detail below 
in connection with the description of the dosing methods of the invention. 

25 The actuator moving the bellows may be formed of a permanent magnet attached to 
the body of the device, and a current coil adjusted to the flexible end of the bellows. 
An opposite adjustment with the coil adjusted to be stationary and the permanent 
magnet moving relative thereto is also useful. 

The dosing device of the invention may preferably be provided with a flexible 
30 centralizer following the movement of the end of the bellows to linearize the 
movements of the moving part of the actuator and the end of the bellows. 
Especially, long serial precise dosing of liquid in identical amounts requires in 
practice linear movement of the bellows, thus making the centralizer necessary in 
case the actuator itself will not control the direction of its movement. The 
35 centralizer may preferably be formed of three or more helical springs stationary 
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connected at one end relative to the body of the device, and equally spaced side by 
side around the moving part of the actuator or moving end of the bellows. 

In case the spring forces of the bellows and the centralizer mutually act in opposite 
directions, an balance point where the spring forces cancel each other may be found 
5 for the end of the bellows and where the end of the bellows rests if the current coil 
of the actuator has no electric current This zero position of the end of the bellows 
lies in the path thereof, preferably near the middle or even precisely in the middle of 
said path, thus enabling the end of the bellows to move on both sides of this zero 
position depending on the direction of the electric current passing through the 

10 current coil. This arrangement is advantageous for instance in long serial dosing of 
a high number of successive liquid doses wherein the liquid space is filled with the 
liquid to be dosed and dosing is started from the extreme position of the end of the 
bellows to dose step by step successive liquid doses first by gradually decreasing 
the electric current passing through the current coil to reduce the magnetic attracting 

15 force of the actuator, and following the passing-by of the zero position, dosing is 
continued by reversing the direction of the electric current passing through the 
current coil and thus gradually increasing the magnetic repelling force of the 
actuator, until the serial dosing is completed as the end of the bellows reaches the 
opposite end of its movement path. Said zero position and the change of the 

20 direction of the electric current at that position enable the spring force acting against 
the actuator to remain as small as possible during the serial dosing. The lower the 
proportion of the attracting and repelling forces of the coil needed to surmount the 
action of the spring, the higher the force that may be used for the accelerations 
required in precise dosing of small amounts of liquids. 

25 In a simple configuration of the device of the invention, the body of the device 
comprises a cylindrical jacket The bellows and the moving part of the actuator 
connected thereto are sequentially arranged into the space defined by the jacket on 
the middle axis thereof. This arrangement enables the formation of the centralizer 
from springs, one end thereof being connected to the inner surface of the jacket and 

30 the other end being connected to the moving parts of the device. 

In the device, the liquid space defined by the bellows may lie either within or 
without the bellows. The liquid space may be provided with a separate filling 
channel for the liquid to be dosed, the only task of the dosing tip thus being the 
discharging of the liquid doses. This helps to reduce the transfer movements 
35 required in dosing and promote the effective use of the dosing tip. 
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In the methods of the invention for quantitative dosing of small amounts of liquids, 
flexible bellows defining a liquid space containing the liquid to be dosed is moved 
by an actuator connected thereto to constrict the liquid space for discharging a 
liquid dose from a dosing tip communicating with the liquid space. 

5 In the use according to the invention of the dosing device of the invention having an 
actuator formed of a magnet and a current coil co-operating therewith, one of said 
parts being connected to be stationary and the other moving the end of the bellows, 
dosing is carried out by changing the magnitude of the electric current passing 
through the coil, consequently shifting the magnet and the coil relative to each other 

10 to generate the dosing operation of the bellows. Dosing may be carried out by 
discharging directly into a liquid receiving the dosed amount, in this case the dosing 
tip being in contact with said receiving liquid, or the liquid may be dosed as 
droplets into the air. 

Particularly for dosing droplets with the dosing tip, dosing according to the 
15 invention comprises the first step of setting the end of the bellows to an accelerated 
motion by changing the magnitude of the electric current passed to the actuator to 
give a specific initial acceleration to the liquid to be discharged from the dosing tip, 
followed by the second step of slowing down the motion of the end of the bellows 
by changing the magnitude of said electric current in the opposite direction to cause 
20 sharp separation of the liquid droplet from the dosing tip. Such an procedure may be 
carried out by using the actuator described above comprising a magnet and a current 
coil, or an equivalent actuator enabling the setting in accelerated motion or slowing 
down of the end of the bellows by adjusting the electric current passed to the 
actuator. 

25 Dosing of droplets may for instance be carried out by initially passing to the current 
coil an electric current causing such a change of the magnetic field and thus, the 
volume of the bellows that a multiple of the desired liquid amount is produced. This 
causes a high acceleration pressing the liquid in the bellows and setting it in motion. 
In the beginning of the high-speed dosing movement, the elasticity of the flexible 

30 bellows causes the liquid to remain in the folds expanding under the high pressure 
acting thereon, thus defining the flow of the liquid to the dosing tip. The relaxing of 
the spring forces of the folds then causes the dosing movement to be continued until 
the slowing down due to the change of the direction of the electric current interrupts 
the movement and leaves the bellows to vibrate like a spring. This quick 

35 interruption of the movement causes the droplet to be separated sharply, at the 
velocity of 1 to 2 m/s according to the viscosity of the liquid, and allows for dosing 
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of droplets having volumes many rimes smaller than the droplet size of a droplet 
allowed to be formed freely under capillary forces (about 40 jil for water). 
According to preliminary tests, the invention enables dosing of droplets with sizes 
between 10 nl and 40 preferable droplet volumes being between 20 nl to 1 ul. So 
5 far, the quantitative dosing of individual liquid droplets having volumes in said 
ranges has not been possible with any dosing means of prior art. 

In applying the described droplet dosing to a serial dosing, the numerical value of 
the change of the electric current in the second step slowing down the bellows must 
be smaller than that of the change in the first step. It is further possible to draw 
10 some air into the dosing tip with the bellows before dosing of each individual liquid 
droplet to speed up the separation of the droplet. 

According to the invention, in addition to a single dosing tip depending on the 
successive dosing operations of the bellows, also several parallel bellows provided 
with dosing tips carrying out dosing of matrix type by means of a common actuator 
15 moving the bellows may be used for serial dosing. 

The invention is now exemplified in more detail with reference to the appended 
drawing wherein 

Figure 1 shows a dosing device of the invention comprising bellows, a magnetic 
actuator and a dosing tip for dosing liquid onto a test strip, 

20 Figure 2 shows the springs centralizing the end of the bellows as a cross section 
along line II - II in Figure 1, and 

Figure 3 shows another dosing device of the invention, in correspondence with 
Figure 1. 

Figure 1 shows a dosing device comprising a body 1 having a cover 2, a bottom 3 
25 and a cylindrical jacket 4 there between. A flexible bellows 5 is adjusted on the axis 
of the space defined by the jacket 4, the bellows being for instance electrofabricated 
nickel/cobalt bellows or fiber reinforced plastic bellows. The lower end of the 
bellows 5 is attached to the bottom means 3 of the body, whereas the opposite end 6 
thereof is arranged for linear movement in the axial directions of the bellows and 
30 the jacket 4 of the body. The end 6 of the bellows is moved by an actuator 7 formed 
of a permanent magnet 8 attached to the cover means 2 of the body, and a annular 
current coil 9 co-operating magnetically therewith. Suitable current coils 9 include 
for instance commercially available acoustic coil actuators such as the products 
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LAOS- 10 or LA 13- 12 manufactured by Bei Kimco Magnetics, USA. The current 
coil 9 is directly attached to the moving end 6 of the bellows and arranged to move 
in the axial direction of the jacket 4 in the annular groove 10 formed in the magnet 8 
without contacting the magnet. Electric current may be passed to the current coil 9 

5 through conductors 1 1, the magnitude of the current being adjusted with a digital- 
analog (DA) converter 12. According to the direction of the current, the coil and the 
magnet 8 either attract or repel each other. The DA converter may be a 16 bit 
converter having 64 000 different current values and being able to change the 
current value every 20 microseconds, or it may be a 20 or 24 bit converter having a 

10 still higher resolution. In the device, the current may be adjusted nearly 
continuously in the available adjusting range. To centralize the end of the bellows 
and the current coil 9 on the axis of the jacket 4 and to linearize the movements 
thereof, a centralizer 13 is adjusted between the jacket and the end of the bellows, 
the centralizer formed of three equally spaced helical springs 14 around the end of 

15 the bellows. Each of the springs 14 is thus attached at one end to the inner surface 
of the jacket 4 of the body and at the other end to the moving end 6 of the bellows 5. 
The springs 14 are plate springs, the width of the helical sheet being suitably tens of 
times the thickness thereof, thus giving the spring a high lateral rigidity while the 
spring yields freely in the axial direction. The sheet-like form of the springs 14 is 

20 seen in Figure 1 showing the springs in cross sections. In the schematic Figure 2, 
the springs 14 are shown as simple lines, but the helical form and position thereof 
around the end 6 of the bellows are best apparent in this Figure. 

In the construction of the dosing device, the spring force of the bellows 5 and the 
helical springs 14 of the centralizer act against each other to balance the end 6 of the 
25 bellows at a position in case there is no electric current in the current coil 9. The end 
6 of the bellows may thus move on both sides of the balance position according to 
the direction of the electric current passing through the coil 9. The end 6 of the 
bellows has a certain axial moving range, said balance point or a zero position 
preferably lying near the middle thereof 

30 A liquid space 15 filled with the liquid to be dosed is defined by the bellows 5, the 
dosing operation carried out by the device being based on the volume changes of 
said liquid space. The liquid space 15 has a filling channel 16 provided with a pump 
17 also acting as a valve closing the space. A dosing channel 18 leads from the 
liquid space 15 to a dosing tip 19 discharging the dosed liquid amount 20. The 

35 device presented may be used for producing test strips for chemical analyses as 
shown in Figure I. Small liquid droplets 20 are injected on the strip from the dosing 
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tip 19 as droplet dosing through the air. In a dosing tip 19 useful in droplet dosing, 
the inner diameter of the orifice discharging the droplets is most suitably between 
0.2 and 0.5 mm. 

The dosing device shown may be used in productive serial dosing wherein the 

5 liquid space 15 defined by the bellows 5 is filled with the liquid to be dosed, and 
thereafter, tens or even hundreds of small liquid doses having an equal volume are 
dosed by means of the actuator 7 constricting the liquid space 15 to cause the dosing 
operations. In the initial position, the magnet 8 and the current coil 9 attract each 
other against the total spring forces of the bellows 5 and the centralizer 13. Then, 

10 step by step, the magnitude of the current is lowered to decrease the attracting 
forces of the magnet 8 and the coil 9, the coil and the end 6 of the bellows 
withdrawing from the magnet, thus constricting the liquid space defined by the 
bellows in a stepwise manner. Each step corresponds to the discharging of a 
predetermined amount of liquid 20 from the dosing tip 19. The magnitude of the 

15 electric current in the coil 9 reaching the value of zero, said balance or zero position 
of the end 6 of the bellows is attained. From now on, the dosing is continued by 
reversing the direction of the electric current and by increasing the magnitude 
thereof step by step, the repelling force of the magnet 8 and the coil 9 thus pushing 
the end 6 of the bellows against the total spring forces of the bellows and the 

20 centralizer 13, constricting the liquid space 15 further. In this manner, the serial 
dosing is completed, the end 6 of the bellows having reached the end of its path. 
Then the coil 9 is returned to the initial position thereof by adjusting the current, 
and the liquid space 15 thus expanding to its initial volume is filled with liquid 
pumped from the filling channel 16 for the next serial dosing operation. 

25 The dosing device shown in Figure 3 differs from the device of Figure 1 
substantially in that the liquid space 15 is arranged outside the bellows 5 and the 
permanent magnet as one part of the actuator is adjusted to slide. In addition, the 
device is shown in its preferable operational position having a horizontal axis of the 
reciprocating bellows. The cylindrical body 1 of the device is thus horizontal, the 

30 annular current coil 9 controlled by electric current being adjusted on the 
circumference of the body to be stationary. The permanent magnet 8 moved by 
current is adjusted inside the coil 9 without contacting it. The permanent magnet 8 
is connected through a shaft 22 to the free end 6 of the bellows 5 for the movement 
thereof. On both sides of the permanent magnet 8, the shaft 22 is provided with 

35 helical sprigs 14 serving as centralizers between the shaft and the inner surface of 
the body I. The liquid space 15 containing the liquid to be dosed is separated from 
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the inner components of the device with a wall 23 having an opening for the shaft 
22. The stationary end of the bellows 5 surrounding the shaft 22 is attached to said 
wall 23 to isolate the liquid space 15 outside the bellows from the rest of the inner 
parts of the device. Dosing is carried out by moving the end 6 of the bellows 5 by 
5 means of the movement of the permanent magnet 8 to the right in Figure 3 towards 
the end 3 of the device, thus constricting the liquid space 15 and a liquid volume 
corresponding to this constriction being discharged from the dosing channel 18 onto 
a test strip 21. With respect to all operations, the device according to Figure 3 
corresponds to that of Figure 1 . 

10 Example 1 

The invention was tested with nickel/cobalt-bellows defining an inner liquid space 
with a cross section of 50 mm 2 , the length of the path of the end of the bellows 
being 1.5 mm. The end of the bellows was moved with an acoustic coil LA08-10 
producing an instantaneous compressing force of 0.9 kg, the coil being controlled 

15 by a 16 bit DA-converter using an Omega Engineering C1ODAC02-16 -controller 
card and the control program thereof. Effective dosing volume of the bellows is 
about 60 nl, and for said coil and DA converter, the smallest liquid volume that may- 
be dosed is calculated to be about 1 nl. In the test, 20 doses of water having 
respectively a volume of 250 nl (250 (ig) ? and 20 doses of water having respectively 

20 a volume of 15 nl (15 t ug) were serially dosed directly into the receiving liquid 
having a volume of 2 ml, using liquid contact. Doses were determined by weighing 
the receiving liquid with a Mettler MT 4 balance before and after each dosing and 
by calculating the weight gain. It was found that the standard deviation of the 250 nl 
doses was 0.7 nl, and the standard deviation calculated for the 15 nl doses was 0.5 

25 nl. 

Example 2 

In the test, nickel/cobalt bellows having a diameter of 12.5 mm were used, the 
highest dosing volume corresponding to the length of the path of the end of the 
bellows being about 100 The bellows were moved by an acoustic coil LA13-12 
30 controlled by a DA converter of Example 1. The orifice of the dosing tip was 0.35 
mm. The liquid to be dosed was a thick, heterogenous liquid reagent containing 
solid particles having a 7-fold viscosity compared to water. 

Dosing was carried out as droplet dosing using the technique described above, first 
accelerating and then slowing down the movement of the liquid for sharp release of 
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the droplet from the dosing tip. 20 liquid doses having respectively a volume of 1.5 
ti\ were serially dosed, each time starting dosing by changing the magnitude of the 
electric current passed through the coil by a value corresponding to a volume 
change of the dosing space of 6 The repelling force of the coil was thus 4-fold 

5 compared to the force already producing a sufficient acceleration. About 8 ms after 
the start-up, the current in the coil was adjusted to an magnitude corresponding to a 
volume change of the dosing space of 1.5 ^il to slow down the bellows, thus 
discharging the droplet with a velocity of 1.5 m/s. It was found that this procedure 
allowed dosing of liquid as 1.5 jil doses, the standard deviation being about 15 nl. 

10 The frequency of dosing was 5 doses per second. 

Example 3 

Dilute dimethyl sulphoxide (DMSO) solution having a 2.5-fold viscosity compared 
to water was dosed with the dosing device of Example 2, using however smaller 
dosing tips. DMSO is a widely used solvent in drug research, dosing of which in 
1 5 small amounts has so far been difficult. 

Using the droplet dosing technique of Example 2, 20 doses of the test solution, each 
having a volume of 250 nl, were serially dosed with a dosing tip having an orifice of 
0.30 mm. The initial acceleration of the coil was over scaled 12-fold, the slowing 
down correction being carried out after 3 ms to the current magnitude 
20 corresponding with the dose volume. Doses were weighed with Mettler MT 5 
balance, the standard deviation being 2 nl, that is less than 1 % of the dose volume. 

In the next serial dosing of 20 doses, the dose volume was 30 nl, and the orifice of 
the dosing tip was 0.24 mm, the procedure being otherwise the same as above. The 
standard deviation of the weighed doses was 3 nl, or 10 % of the dose volume. 

25 It is clear for those skilled in the art that the applications of the invention are not 
defined by the above examples, but may vary within the scope of the appended 
claims. For instance, while the dosing tip 19 of Figure 1 is typically meant for 
dosing of droplets into the air, it may also be used for discharging the dose directly 
into another liquid. In the latter application, however, also various dosing channels 

30 or like flow connections passing from the bellows into a receptacle or a liquid space 
for the dose may be used. In this case, the dosing tip of the invention should be 
understood as an orfice of such a dosing channel or like flow connections 
discharging the liquid dose. 



